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A RESTRICTION ANALYSIS OF KLEBSIELLA PNEUMONIAE PHAGE SBS
t>y
Heidi A. Walters-Khan
A Klebsiella phage was isolated from the San Bernardino 
sewage and its physiochemical properties analyzed, 
present study found the density of the phage to be 1.4-4 
g/ml, the burst size to be 10, and the phage had a latent
The UNA was found to be double- 
Its molecular weight was 41.66 - 0.72 
The DNA was digested with a battery of 
endonucleases and partial restriction maps determined, 
potential of the phage as a vector for Klebsiella is dis­
cussed in the text.
The
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Until the middle 1970*s DNA was the most difficult cel-
Unor-lular macromolecule for the biochemists to sequence.
mously-long, and chemically monotonous, the nucleotide se­
quence could be approached only by indirect means, such as
Todayby protein or RNA sequencing, or by genetic analysis.
It is now possible tothe situation has entirely changed.
excise specific regions of DNA, to obtain them in essen­
tially unlimited amount (Clewell, 1972), and to determine 
their nucleotide sequence at a rate of several hundred a 
day (Maxam and Gilbert, 1977; Sanger, et.al
The new recombinant DNA technology has provided power­
ful and novel approaches to understanding the complex mech­
anisms by which gene expression is regulated, 
of the same method offer great commercial promise for the 
large scale economical production of many types of biolog­
ical materials, available at present only with great labor 




fied more than a million fold by inserting them into a 
vector (Clewell, 1972), and then growing this in an appro­
priate host, a process called DNA cloning, 
so much smaller than the host DNA, plasmid or viral DNA can 




purified. For use as cloning vectors, such purified viral 
or plasmid DNA molecules are cut once with a restriction en­
donuclease and then annealed to the fragment that is to be 
cloned. The hybrid DNA molecules are then reintroduced 
into bacteria that have been made transiently permeable to 
macromolecules (Thomas, et.al 
vide, the plasmid or virus also replicates to produce an 
enormous number of copies of the original DNA fragment. At 
the end of the period of proliferation, the hybrid plasmid 
DNA molecules are purified and the copies of the original 
DNA fragment excised by a second treatment with the same 
restriction endonuclease.
1971). As the bacteria di-• *
It is possible to construct plasmids in a way that 
allows the cloned DNA to direct the synthesis within a cell 
of large amounts of the particular protein it specifies.
By means of such ’’genetic engineering,” bacteria or yeast 
can be induced to make useful proteins, such as human insul­
in and growth hormone in enormous quantities.
The basic procedure of recombinant DNA technique con­
sists of two stages: (1) joining a DNA segment of interest 
to a DNA molecule that is able to replicate, and (2) prop­
agation of the joined unit. ^hen this is done, the genes 
on the donor segment are said to be cloned, and the carrier
molecule is the vector or cloning vehicle. The vector is
3
essential for the process of cloning. To be useful, a vec­
tor must have three properties: (1) There must be some way 
to introduce vector BNA into a cell. (2) It must be able 
to replicate. (3) There must be some means of detecting ' 
its presence. The three most common vector types in use 
are plasmids, cosmids and viruses. Only a relatively small
Frequently used vec­
tors contain a number of unique sites for various restric­
tion enzymes where a piece of foreign DNA can be inserted.
The plasmid pBR322 is the most widely used plasmid for 
cloning DNA into Escherichia coli. It has two anti-
number of vectors is in conmon use.
biotic resistance genes that code for resistance to tetra­
cycline and ampicillin (Bolivar, et.al 
containing cells are easily identified by their growth on 
nutrient agar containing one of these antibiotics. p3R322 
has unique sites for seven different restriction enzymes at 
wnich foreign DNA can be inserted, destroying one of the 
antibiotic resistance genes. The vectors containing the 
cloned DNA can then be easily detected by the failure of 
their host cells to grow on the nutrient agar containing 
the antibiotic to which their resistance has been destroyed 
(Bochner, et.al., 1980).
There are several procedures in use for the cloning of 
genes in the E. coli bacteriophage lambda (Williams and Blattner, 1980).
1971). Plasmid•»
4
All are based on the fact that lambda has several centrally 
located genes that are not needed for lytic growth (Campbell, 
These genes are in the so-called nonessential region. 
The lambda variant ^gt4.tB has two Eco RI restriction sites 
near the termini of the nonessential region, 
vector the DrA is cleaved with the Zco RI enzyme and the 
three fragments are separated by gel electrophoresis, 
terminal fragments are isolated and joined via the comple­
mentary single-stranded termini, but the resulting DNA 
molecule, whose length is 72% of the wild-type lambda DNA 




can be packaged in the phage head is 77%> of the wild-type 
DNA (Bellet, et*al., 1974). However, if foreign DNA is 
inserted, the resulting hybrid DNA becomes infective. Thus, 
if an E. coli culture is infected with DNA annealed from a
mixture of the two terminal fragments and foreign DNA, any 
phage that is produced will contain foreign DNA (Thomas, 
et .al 1974).• 9
Another lambda variant contains a section of the lac
operon that includes the lac Z gene, the lac P promoter 
and the lac 0 operator. There is a restriction site in the
the lac operator, so that insertion of foreign DNA into the
phage at that site yields a phage with constitutive synthe­
sis of beta-galactosidase. Several substrates of beta-
5
galactosidase produce colored compounds if cleaved by beta- 
galactosidase. One such substrate which is commonly used is 
5“bromo-4-chloro-3-indoyl-beta-D-galactopyranoside (generr- 
ally referredto as X-gal) which produces a blue-green color 
when cleaved. Thus, if lac 0+ and 3ac 0- phages are plated 
on a lawn of lac 0+ cells on agar containing X-gal, lac 0+ 
phages produce colorless plaques while lac 0- phages produce 
blue-green plaques (Miller, 1972).
Other lambda vectors have part of the lac operon inser­
ted between two restriction sites, so that the insertion of 
foreign DNA involves the displacement of lac. Thus phages 
containing the foreign DNA fragment will produce colorless 
colonies when plated on agar containing lac+ inducible cell
cells, X-gal and an inducer (e.g. isopropyl-beta-D-thio- 
galactopyranoside). Assays of the efficiency of the foreign 
gene insertion into replacement vectors can easily be done 
by determining the frequency of colorless plaques (Mil­
ler, 1972).
Cosmids are novel vectors that combine the features of 
a plasmid and phage lambda to increase the probability of 
selecting a recombinant plasmid carrying foreign DNA. (Col-
The circular ColE1 is a typical 
cosmid, carrying both the gene for resistance to rifampicin 
and the lambda phage head packaging system called the cos
lins and Hohn, 1978).
6
site • There are two cleavage sites for the Hind III re­
striction enzyme, which separate the rifampicin gene from 
the cos site and the ColE1 region.
The cos site cutting system responsible for packaging 
phage lambda DNA into the phage head can act on a DNA mole­
cule only if the following two conditions are satisfied:
(1) The DNA molecule must contain two cos sites, and (2) the 
cos .sites must be separated by no less than 38,000 base 
pairs and no more than '54,000 base pairs, 
mids as vectors is based on a technique for packaging lambda 
DNA in vitro and the requirements just stated (Hohn and Col­
lins, 1980).
Klebsiella, a gram - bacterium
The use of cos-
similar to E_. coli, is 
of great interest both as a clinically important cause of 
pneumonia, and for its ability to fix atmospheric nitrogen. Presently,
there are no vectors for Klebsiella. The purpose of this 
preliminary study is to investigate the possibility of using 
a phage, 33S 348, as a vector for Klebsiella.
The first step in making a vector is the construction 
of a restriction map of the virus or plasmid to be used.
techniques that are used commonly.
It is usual to begin analysis by simultaneous digestion of 
the DNA with pairs of restriction enzymes that cleave the 
The DNA infrequently. From the sizes of the DNA fragments,
There are several
7
it is usually possible to deduce the relative locations of 
at least some of the restriction sites, 
structure maps, it is usually necessary to isolate a partic­
ular fragment of DNA and cleave it with enzymes that cut
The sizes of the fragments are measured by 
their electrophoretic mobilities through agarose or poly­
acrylamide gels (Helling, et.al., 1974). If lambda DNA is 
included in each electrophoresis gel, a standard curve of DNA fragments 




Bacteria and Bacteriophage Strains,A.
Klebsiella pneumoniae GM 238 was received from Dr,
Guiseppe Satta, Professor of Microbiology at the University 
of Genoa, Italy, as an r- mutant of K. pneumoniae GM 236, 
which Bullas et.al.,1981 have designated as having restric­
tion-modification specificity KpII. It is a good propaga­
ting strain with phage SBS,
Phage SBS was isolated from a sample of San Bernardino 
sewage by selection for a phage which would lyse strains of 
Klebsiella pneumoniae and, in addition, was sensitive to 
restriction by the restriction endonucleas of the. restric­
tion-modification systems of strains of Klebsiella pneu­
moniae . The plaque produced by SBS is, however, more 
strongly restricted than is FR2. The use of SBS as an 
indicator of restriction is reported in a paper presented 
at the American Socity for Microbiology in 1981 by Bullas 
et.al., 1981.
B, Reagents.
Unless otherwise indicated, all chemicals were pur­
chased from Sigma Chemical Company, All the enzymes used 
were purchased from New England Biolabs.
8
9Composition of media and buffers.Table I.
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L-broth (Lenox, 1955) was used for growth of Klebsiella. 
Culture plates employed in this study contained L-agar (Len­
nox, 1957) and a tryptone top layer agar.
1953) was used for pooling, dilutions and storage of the 
phage.
B buffer (Bowen,
Buffer 3 and all the media were sterilized by auto­
claving at 121°C for 30 minutes. The compositions of the
various media are listed in table 1. Weights are given in
grams per liter unless otherwise stated. 
Single Step Growth Curve.D.
The method of Adams (1950) was slightly modified as
follows. All the tubes and solutions were heated and main­
tained at 37°C prior to and during the experiment. A mid 
log phase culture of Klebsiella 238 (an O.D. of 0.3 at 510 
nm) was used throughout the experiment. A volume of 0.9 ml 
of the cell culture was added to 0.1 ml of 1 x 10^ pfu/ral 
SBS phage and the time of infection noted as 0 minutes. At 
10 minutes, 0.1 ml from the above tube was added to 0.9 ml 
B buffer to make a second tube. At 11 minutes 0.1 ml was
removed from the second tube and put into a third tube,with
0.9 ml of B buffer. At 12 minutes the contents of the
third tube were then added to 9 ml of L broth to make the
the first growth tube, 
the first growth tube and added to 9 ml of L broth to form
At 13 minutes 1 ml was removed from
11
the second growth tube.
The first sample of 0.10 ml was removed at 15 minutes 
from both the first growth tube and the second growth tube. 
The sample was then added to 2.5 ml of top-layer agar at 
45°C along with 0.2 ml log phase 258 and plated on 1^ agar 
plates. Samples were removed from the first and second 
growth tube at 5 minute intervals for a total of 45 minutes. 
B, G-rowth and Purification of Bacteriophage DNA.
Two flasks, each containing 200 ml of L-medium, were 
each inoculated with two ml of a Klebsiella 258 overnight 
culture. The cultures were then grown at 57°C with 200 rpm 
shaking. When the optical density at 510 nm reached 0.5
Q
(2 x .10 cells/ml), 1.8 ml of 1N NaOH was added to the
control flask to adjust the pH to 7.9. The same amount of
NaOH was added to the second flask. Phage SBS lysate con- 
9taining 4 x 10 « plaque forming units was added to the 
second flask to give a multiplicity of infection (MOI) of 
The culture showed complete lysis in three hours.
The remaining intact cells, if any, were lysed by an addi­
tion of 1 ml chloroform to the culture and shaking at 200 
rpm at 57°C for 15 minutes.
at 10,000 rpm for 10 minutes in a ISA rotor. DNase and 
RNase were added to the supernatant fluid at a concentration of 
10 micrograms/ml each and incubated for 1 hr at room
0.1.
The lysate was then centrifuged
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The supernatant fluid was then serially diluted andtemperature.
titrated for plaque forming units (pfu) (Adams, 1959).
To isolate the DNA, 8 gm of NaCl and 20 gm of polyethyl- 
englycol (PEG-) were dissolved in 200 ml of the above lysate 
and kept on ice overnight, 
rpm for 10 minutes in a GSA rotor.
It was then centrifuged at 3,000 
The pellet containing 
phage was resuspended in 8 ml of buffer B, and layered on
the top of a discontinuous CsCl gradient of 1.5 ml each of 
31% w/w, 45% w/w and 56% w/w CsCl in buffer B. The density
of these three CsCl solutions is 1.1, 1.5 and 1.7 respec­
tively. The gradients were centrifuged at 35,000 rpm for 2 
hrs at 4°C in a S-W40 rotor using a Beckman ultracentrifuge.
The phage appeared as a sharp bluish band at the interface
between the top two CsCl layers, 
fully removed with a needle and syringe after puncturing
The bulk of CsCl was removed by 
dialysis against a minimum of 200 volumes of 10 mM Tris-HCl 
buffer, pH 8.1, for 2 hours.
The phage band was care-
the side of the tube.
The dialyzed phage was extrac­
ted 3 times with equal volumes of freshly distilled phenol
saturated with 10 mM Tris-HCl buffer, pH 8.1 and 1 mM EDTA. 
The DNA was then removed and the concentration determined
by a measurement of the absorbance of a ten fold diluted 
sample at 235 nra, 260 nm and.280 nm. The ratio should be
approximately 1:2:1 respectively. A higher 235 nm reading
13
would indicate contamination of the sample with phenol, and 
protein contamination would increase the absorbance at 280 
The DNA solution was stored at 4°C.
Density G-radient Centrif ng-ati on .
nm.
R..
A volume of 0.3 ml of SBS phage (previously purified 
by a discontinuous CsGl gradient) was added to a CsCl solu­
tion to give a final concentration of 45% w/w in B buffer. 
The final density of the CsGl was 1.52 g/ml in a 13 ml 
volume• The CsCl-phage solution was spun in a Beckman ultra
clear i4 x 95 mm centrifuge tube in a SW-40 rotor at 23,000 
rpm for 48 hours at 4°G. The distance of the phage band 
from the bottom of the tube was measured and the density of
the band was calculated.
0. Endonuclease Reactions.
All the restriction enzymes used were diluted according 
to the manufacturers1 recomendations. 
in one of the following reaction buffers.
High Salt Buffer 
1.0 M NaCl
0.5 M Tris-HCl pH 7.5
0.1 M MgClp 
1.0 mg/ml BSA
Low Salt Buffer
Each enzyme was used
Medium Salt Buffer
0.5 M NaCl
0.1 M Tris-HCl pH7.5
0.1 M MgClp
1.0 mg/ml BSA
0.1 M Tris-HCl 




The appropriate reaction buffer was diluted 10-fold, 
0.1 M DTT was added to give a final concentration of 10 mM, 
and the desired enzyme and DNA were added, 
were carried out, usually for several hours, at the temperature 
recomnended by the manufacturer.
The reactions
H. Agarose Gel Electrophoresis.
All of the electrophoresis was done on a carefully 
levelled slab measuring 15.2 cm x 12.9 cm. The desired 
amount of agarose was added to electrophoresis buffer and 
heated in a microwave oven until dissolved. The usual con­
centration of agarose was 1%. jSthidium bromide was then- 
added to a final concentration of 0.2 microgram/ml in the 
gel and the agarose allowed to cool to about 50°C. Approx­
imately 75 ml of agarose were then poured on to the slab 
and allowed to solidify with the comb in place. The comb 
had 15 well formers, each one measuring 5 mm x 1.5 mm.
The solidified gel was carefully lowered into the apparatus 
and covered with electrophoresis buffer. The electrophor­
esis buffer contained 0.1 microgram/ml of ethidium bromide. 
Loading dye (0.25% bromophenol blue and 40% sucrose) was 
added in a ratio of 2 microliters of dye to 5 microliters 
of sample.
The tubes containing DNA samples to be analyzed by 
agarose gel electrophoresis were heated at 60^0 for 5 min.
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then quickly cooled on ice for 5 min. to prevent hybridi­
zation of the complementary ends in the smaller fragments. 
The samples were then loaded on to the gel. 
usually between 5 and 10 microliters.- The amount of DNA 
per well was usually about 0.1 microgram, 
with 65 volts of current for approximately 5.5 hours. 
Elution of DNA from Agarose Gels.
The volume was
The gel was run
I.
Approximately 6 micrograms of SBS DNA was singly diges­
ted with Bam HI or Aha III restriction enzyme. Each digest 
was run on a 0.5% agarose gel, under standard conditions, 
for about four hours. The bands were visualized with the 
UV Products TM-36 Trans illuminator and midrange UV light (365 nm). 
Selected bands were cut from digests with a clean scalpel.
The band slices were placed on the horizontal electro­
phoresis apparatus so that the current could pass through 
them lengthwise. One percent agarose was poured around the slices 
and allowed to solidify. Slots were cut at the anode end 
of each gel piece and DEAE-Cellulose paper (Whatman) was 
inserted into each slot. Prior to use, the DEAE paper was 
cut into approximately 1.5 cm squares and equilibrated with 
electrophoresis buffer.
The electroelution of DNA into DEAE-Cellulose paper 
was performed at 100 volts at 4°C for a few hours or at 30 
volts overnight. The papers were removed when all the DNA
16
had migrated from the bands into the paper, as visualized 
by UV fluorescence. The papers were dried briefly on a 
paper towel and then they were put into siliconized micros 
centrifuge tubes and a minimal amount of elution buffer 
(1.5 M NaCl, 10 mM Tris-HCl pH 7.5) was added to cover the 
papers. Usually a volume of 100 ill was sufficient. The
papers were pulverized with a small stirring rod and then 
incubated at 50°C for 0.5 to 2 hours. The tubes were spun 
in' the microfuge for 10 minutes and the supernatant was
removed.
The elution process was repeated 3 times. ' The super­
natant was diluted to 0.4 to 0.5 M NaCl with 10 mM Tris-HCl
pH 7.5, two volumes of ethanol were added and the DNA pre­
cipitated at -70°C overnight. The next day the tubes were 
spun at 10 K rpm in a Sorvall SS-34 rotor at -10°C for 30
The supernatant fluid was carefully decanted and an 
equal volume of cold 80;^ ethanol, 20% Tris-HCl pH 7.5 was 
added to remove the salt in the pellet, 
spun as above and the pellet carefully dried in a vacuum. 
The pellets were resuspended in 10 ul of 10 mM Tris-HCl 
One nl of the DNA was used for each subsequent 






Single Step Growth Curve: From the one step growth 
curve experiment, the latent period and burst size of phage
SBS were determined using Klebsiella pneumoniae 238 as host* 
The burst size of SBS phage on its host was found to be 10, 
with a latent period between 20 and 23 minutes as illustrated 
in figure 1 below.
♦250
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Density Gradient Centrifugation: The density of the
phage SBS band was calculated as being f.44 g/ml.
Table 2 shows the resultsEndonuclease Reactions:
of digestions of the SBS DUA with selected restriction
The fragments are numbered with 1 
being the largest and the others progressively smaller*
The sizes of the fragments are given in kilobase pairs (Kb).
The table 3 gives a list of various fragments of SBS 
phage DNA generated by a combination of two different 
striction enzymes, as noted on individual columns, from the







the largest and the others progressively smaller. The sizes 
of the fragments are given in Kilobase pairs.
Tables 4 through 8 show the results of the isolated 
individual bands cut with various restriction enzymes. The
bands are lettered with A being the largest and the others 
progressively smaller. The molecular weights of the frag­
ments are given in kilobase pairs.




Single Digests of SBS Phage DNA 
with Various Restriction Enzymes
Fragments
Generated Aha IIIBam HI Xmn I Eco RI
1 9.00 11 .00 13.20 8.20
2 8.50 8.80 9.80 5.30
6.703 7.72 7.80 3.85
4 4.80 3.94 4.30 3.10
2.605 4.35 3.80 2.87
6 2.603.85 3.00 1.35
7 1.52 2.452.05 1.10













Kb1 s 41 .04 41 .6142.95




Double Digests of SBS Phage DNA 







































































































































Kb’s 40.6241 .82 41.30 41.20




The Fragments Produced by Restriction 











A 8.60 8.70 2.106.40
B 7.80 6.75 1.856.05
C 6.85 6.75 1.705.30
D 5.60 2.64 4.50
E 4. I5 1.96 2.85





K I .05 0.35
The above table represents the sizes of the fragments in kilobases.
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Table 5
The Fragments Produced by Restriction 









Aha III Aha III 
Band 5Band 4
A 9.60 5.00 uncut 4.10 uncut
B 8.30 3.80 3.45
C 7.60 3.22 2. 15
7.20D 3. 15 1.03
E 6.70 2.38 0.64











The above table represents the sizes of the fragments in kilobases.
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Table 6
The Fragments Produced by Restriction 













3.558.50A 7.70 5.85 2.45
2.50B 7.50 6.00 2.72 2.20
1.05C 5.80 2.95 1.22 1.71
0.63D 3.80 2.60 0.88











The above table represents the sizes of the fragments in kilobases.
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Table 7
The Fragments Produced by Restriction 













A 6.40 6.50 4.40 4. 10 4. 10
B 5.60 5.90 3.90 3.20 3.20
C 3.50 5.30 3.45 1.20 1.65
D 2.90 3.60 3. 10
E 2.87 3.05 2.90
F 2.50 2.90 1.60
G 2.40 2.50 1.40
H 1.68 2.45 I. 10
1.43 1.68 0.98
J 1.00 0.40 0.82
K 0.82 I .00
L 0.46 0.82
M 0.44 0.29
The above table represents the sizes of the fragments in kilobases.
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Table 8
The Fragments Produced by Restriction 
of Isolated Bam HI Bands with Eco RI
Fragments Bam HI Bam Hf Bam HI Bam HI Bam HI Bam HI Bam HI
Generated Band I Band 2 Band 3 Band 4 Band 5 Band 6 Band 7
5.65A 6. 10 4.80 4.80 2.36 1.41 uncut
B 3.60 4.50 4.45 4.65 1.65 0.89
C 2.60 4.25 4.00 2.37 1.45 0.75
D 2.40 3.20 0.76 1.67 0.95
2.05E 2.65 0.82
F 1.83 2.40
G I .67 2.20
H 1.55 1.98
I .48 1.78
J 1. 17 1.65




The above table represents the sizes of the fragments in kilobases.
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Gel #1
Lane 1 - Hind III digest of lambda
Lane 2 - Bam HI band #1 digested with Bgl II
Lane 3 - Bam HI band #1 uncut
Lane 4 - Bam HI band #2 digested with Bgl II
Lane 3 - Bam HI band #2 uncut
Lane 6 - Bam HI band #2 digested with Eco RI
Lane 7 - Bam HI band #3 digested with Bgl II
Lane 8 - Bam HI band #3 uncut
Lane 9 - Bam HI band #3 digested with Eco RI 




Lane 1 - Hind III digest of lambda
Lane 2 - Bam HI band #4 digested with Bgl II
Lane 3 - Bam HI band #4 uncut
Lane 4 - Bam HI band #4 digested with Eco RI 
Lane 5 - Bam HI band #5 digested with Bgl II 
Lane 6 - Bam HI band #5 uncut
Lane 7 - Bam HI band £5 digested with Eco RI 
Lane 8 - Bam HI band #6 uncut
Lane 9 - Bam HI band #6 digested with Eco RI
Lane 10 - Bam HI band #7 uncut
Lane 11 - Bam HI band #7 digested with Eco RI 
Lane 12 - Hind III digest of lambda
29
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Bands 2,3,4,5 and 6 isolated from the Bam HI digestion 
of phage SBS DNA were restricted with _3co RI.
6 and 9, gel #2, 
restrictions respectively.
G-el #1, lanes 
lanes 4,7 and 9 show the products of the
The molecular weights of the 
individual bands were determined and are shown in table 8,
The proposed maps for each set of restrictions are shown 








The above figure shows the proposed map of Bam HI band 
#2 restricted with 3co RI. Band G- cannot be accounted for 
According to the map above, when fully 
digested, band w is cut 5 times by Rco RI, producing a total 
of 6 bands with the following sizes (in Kb’s): 0.62, 0.78,
in the above map.




Figure 3 illustrates the proposed map of Bam HI band 
3 restricted with Bco RI. Band A is uncut band 3. Band B 
is contaminating uncut band 4. When fully digested, band 3 
is cut once by Eco RI, giving rise to two fragments with 
the following sizes (in Kb's): 0.76 and 4.00.
Band 4 was uncut by Eco RI. The observed bands are 
from uncut bands 3 and 4 and also the products of Eco RI 
restriction of band 5, as seen in lane 7.
Figure 4
-A -B
The above figure shows the proposed map of Bam HI band 
5 restricted with Eco RI. Bands C, D and E are due to the 
Eco RI digest of band #6, as evident from lane 9. Fragments 
Bam HI is cut by Eco RI into twoA and B are from band 5.
pieces (1.65 and 2.36 Kb).
Figure 5
a 0.24 Kb piece 
not visible in gel
32
Figure 5 shows the proposed map of Bam HI hand 6 re-
Band 6 is cut twice by Eco RI, produ^.stricted with Hco RI,
cing 3 bands (o,24, 0.75 and 0.89 Kb).
Bands 1,2,3,4 and 5 isolated from the Bam HI digestion 
of phage SBS DNA were restricted with Bgl II. Gel #1, lanes 
2,3 and 7, and gel # 2, lanes 2 and 5 show the products of 
the restrictions respectively. The molecular weights of the 
individual bands were determined and are shown in table 7.
The proposed maps for each set of restrictions are shown 
One centimeter represents one Kb in all the maps.below.
Figure 6
AP----- ^ ---- G1-^ -J-*
-H EK-* ^ 0
B
The above figure shows the proposed map of Bam HI band 
1 restricted with Bgl II.
fully digested, band 1 is cut 6 times by Bgl II, producing 
a total of 7 bands (0.44, 0.46, 0.82, 1.00. 1.43, 1.68 and 
2.7).




Figure 7 shows the proposed map of Bam HI band 2
Bands K and B are the only unique bands 
The other bands are the result of contam-
re-
stricted with Bgl II, 
in this digest, 
inating band 1 , According to the map above, when fully 
digested, band 2 is cut twice by Bgl II, giving rise to a
total of 3 bands (1.0, 1.68 and 5.9 Kb).
Figure 8
B
Figure 8 shows the map of Bam HI band 3 restricted with 
According to the map, when fully digested, band 3 
is cut 4 times by Bgl II, giving 5 bands (0.65, 0.82, 0.98,
1.01 and 1.40 Kb).
Bgl II.
Figure 9
■*>^B- •a Q.25 Kb piece 
not visible
.figure 10 shows the map of Bam HI band 4 restricted 
Band 4 is cut twice by Bgl II giving rise to 




1 - Aha III band #1 digested with Xran ILane
2 - Aha III band #1 uncutLane
3 - Pst I digest of lambda
4 - Aha III band #1 digested with Bgl II




6 - Aha III band #1 digested with Eco RI
7 - Aha III band #1 digested with Bam HI
8 - Bam HI band #3 uncut
9 - Bam HI band #3 digested with Ecp RI
10 - Bam HI band #2 uncut
11 - Bam HI band #2 digested with Eco RI








13 - Bam HI band #1 digested with Eco RI
14 - Hind III digest of lambda 
























Lane 1 - Hind III digest of lambda
Lane 2 - Aha III band #4 digested with Bam HI
Lane 3 - Aha III band #4 digested with Eco RI
Lane 4 - Aha III band #4 uncut
Lane 5 - Aha III band #4 digested with Bgl II
Lane 6 - Aha III band #4 digested with Xmn I
Lane 7 - Aha III band #5 digested with Eco RI
Lane 8 - Aha III band #5 uncut
Lane 9 - Aha III band #5 digested with Bgl II 
Lane 10 - Aha III band #5 digested with Xmn I 
Lane 11 - Pst I digest of lambda
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Lane 1 - Hind III digest of lambda
Lane 2 - Aha III band #2 digested with Bam HI
Lane 3 - Aha III band #2 digested with Eco RI
Lane 4 - Aha III band #2 uncut
Lane 5 - Aha III band #2 digested with Bgl II
Lane 6 - Aha III band #2 digested with Xran I
Lane 7 - Aha III band #3 digested with Bam HI
Lane 8 - Aha III band #3 digested with Eco RI
Lane 9 - Aha III band #3 uncut
Lane 10 - Aha III band #3 digested with Bgl II
Lane 11 - Aha III band #3 digested with Xmn I
Lane 12 - Pst I digest of lambda
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Lane 5 containing Bam HI band #5 shows contamination 
from band 4 and band 6. The Bgl II digest of band 5 shows 
three bands, 4.1, 3.2 and 1.6 Kb. The 4.1 Kb piece is band 
5, the 3.2 Kb piece is a Bgl II piece from the digestion of 
contaminating band 4, and the 1.6 Kb piece is from contami­
nating band 6. In conclusion, bands 5 and 6 are not cut by 
Bgl II.
Bands 1,2,3,4 and 5 isolated from the Aha III digestion 
of phage SBS DNA were restricted with Eco RI. Gel #3, lane 6, 
gel # 5, lanes 3 and 8, gel # 4, lanes 3 and 7 show the pro­
ducts of the restrictions respectively. The molecular weights 
of the individual bands were determined and are shown in
The proposed maps for each set of restrictions are 





The above map shows the proposed map of Aha III band 1 
restricted with Eco RI. 
in the above map.
Bands L and M are not accounted for
According to the map above, when fully 
digested, band 1 is cut 5 times to make a total of 6 pieces
(o.58, 0.93, 1.63, 1.84, 3.20 and 3.80 Kb).
4-1
Figure 11
F«- G ■e jy
3 A<r
The above figure shows the proposed map of Aha III band 
2 restricted with Eco RI. Band E is not accounted for in the
When fully digested, band 2 is cut three times to 





The above figure illustrates the proposed map of Aha 
III band 3 digested with Eco RI. It is a very incomplete 
digest and one final band appears to be missing.' According 
to the map, when fully digested, band 3 is cut twice to give




The above figure illustrates the map of Aha III band 4 cut
When it is fully digested, band 4 is cut twice 







Figure 14 illustrates the map of Aha III band 5 restricted with
Eco RI. When it is fully digested, band 5 is cut twice, producing
three bands (0.46, 0.88 and 1.71 Kb).
Bands I, 2 and 5 isolated from the Aha III digestion of SBS DNA
Gel 3, lane 4, gel 5, lane 5 and gel 4, 
lane? show the products of the restrictions respectively.
The molecular weights of the individual bands were determined and
were restricted with Bgl II.
are shown on table 5. The proposed maps for each set of restric­
tions are shown below. One cm represents one Kb in all the maps.
Figure 15
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The figure above illustrates the map of Aha III, band I 
restricted with Bgl II. Band K is not accounted for and could
be the result of contamination from band 2, since it has the same
molecular weight as band E from the Bgl II digest of Aha III band 2. 
When it is fully digested, band I is cut 6 times by Bgl II, giving 
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The figure above illustrates the map of Aha III, band 2 restr­
icted with BgI II. Band F is not accounted for in the map.
When band 2 is fully digested by BgI II, it is cut three times
giving rise to four fragments (1.39, 1.62, 2.38, 3.15 or 3.22 Kb).
Figure 17
B-<-
*r- D —* C<7
Figure 17 is of the proposed map of Aha III, band 4 restricted
with Bgl II. A is the uncut band. and there is probably a 0.27
Kb piece that is not visible in this gel. When fully restricted by 
Bgl II, band 4 is cut twice, making three fragments (0.64, 1.03
and 2.15 Kb).
Bands I, 2, 3 and 4 isolated from the Aha III digestion of 
phage SBS DNA were restricted with Bam HI. G-el 3, lane 7, gel 4 
lane 1 and gel 5, lanes 2 and 7 show the products of the 
restrictions respectively. The molecular weights of the 
individual bands were determined and are shown in table 4.
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The proposed maps for each set of restrictions are shown
below. One centimeter represents one Kb in all the maps.
Figure 18
<r <-K-f< -AC H G ->
> <- D < £B ■>
Figure 18 illustrates the proposed map of Aha III band I,
digested with Bam HI. When fully digested, band I is cut 5 times
to make a total of 6 pieces (1.05, 1.50, 1.50, 1.70, 1.85 and
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The above figure is the map of Aha III band 2 restricted with
Bam HI. When fully restricted, band 2 is cut 4 times to make a










Figure 20 illustrates the map of Aha III band 3 restricted
When fully restricted, band 3 is cut 5 times, giving 
rise to 6 bands (0.35, 0.65, 0.95, 0.95,
G and J may be doublets. A is uncut band 3.
Figure 21
with Bam HI.
I.40 and 2.15 Kb). Bands
A B<<■
^__0.I5 Kb piece not 
visible in gel
Figure 21 illustrates the map of Aha III band 4 restricted
When fully restricted, band 4 is cut twice, producing 





Klebsiella is a very important organism, as it is one
of the very few organisms that fixes nitrogen and can 
simply grown and studied in the laboratory.
be
The signifi­
cance of nitrogen fixation has generated a great interest in 
this field in the recent past. However, in spite of the 
great efforts, not much is known about this process, espec­
ially the mechanism that regulates the entire mechinery of 
the cell to utilize atmospheric nitrogen for the synthesis 
of some of the most complex cellular compounds. To under­
stand these regulatory elements one of the logical ways 
would be to clone the individual genes involved in the pro­
cess, generate various mutants lacking the corresponding 
genes and study the effect of introduction of these cloned 
genes involved in the process.
In order to do genetic manipulations on a molecular 
level such as described above, one needs at least one 
reliable and possibly specific vector for a strain of the 
organism of interest. So far none is known to exist for 
Klebsiella. Finding a vector for Klebsiella will not only 
allow the possibility of studying nitrogen fixation but will 
open new opportunities to understand the organism on a much
47
more detailed level, including certain other metabolic path­
ways, structural and functional aspects which may be quite 
unique in this organism.
The phage SBS presents the possibility of having a 
vector for Klebsiella. The phage SBS is extremely specific 
for Klebsiella. Out of a number of organisms tested, none 
effected by phage SBS except Klebsiella pneumoniae.was
The phage SBS is a lytic phage for Klebsiella pneumoniae 238, 
with a burst size of 10 and the time of lysis being 20-25 
minutes. Being a lytic phage does pose a certain obstacle 
initially, but it is ‘hoped that the phage could be altered 
to overcome this problem.
In order to explore the possibility of.the use of phage
SBS as a useful vector for Klebsiella, it was essential to 
study the phage in detail. To understand a phage, one has 
to know its physical and biological properties and their
revelance to each other should be established. This prelim­
inary study is the first step in that direction, 
determination of burst size, time of lysis of the host,
It includes
density of the phage and a partial map of the phage DNA.
The phage SBS was found to have a density of 1.44, 
less than that of lambda, implying that the phage SBS has a
relatively complex three dimensional structure,, a fact that 
could have been easily verified with the availability of
48
proper facilities for electron microscopy.
All the restriction enzymes available in the laboratory, 
including Aha III, Apa I, Bam HI, Ban II, Bel I, Bgl II,
Bst I, Eco RI, Eco RV, Hind III, Kpn I, Pst I, Pvu I, Sac I,
Sal I, Sea I, Xba I, Xho I and Xmn I were used to digest the 
nucleic acid material of the phage SBS. The majority of the 
enzymes generated smaller pieces of the nucleic acid, proving
that it was double-stranded DNA, as restriction enzymes do 
not cut RNA or single-stranded DNA. 
enzymes tried, Apa I, Ban II, Kpn I, Pst I, Pvu I, Sea I,
Xba I and Xho I did not seem to cut the phage SBS ENA at all. 
The enzymes Aha III, Bam HI, Bel I, Sac I, Sal I and Xmn I 
cut- the DNA between 2 and 9 times.
Of all the restriction
The enzymes Bel I, Sac I 
and Sal I were available only in very limited amounts,
Aha III and Bam HI were therefore chosen for further study
of SBS DNA restriction analysis.
The average molecular ecoiposition, calculated from the
combined single and double digests was found to be 41.66 ± 
0.72 kilobase pairs.
Figures 2 through 21 show the proposed maps of the 
fragments. The maps are arrived at through a process of 
trial and error. The first calculations one makes in mapping 
are subtractions of the larger incomplete fragments from the 
uncut isolated band. In figure 6, which shows the map of
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band 1 isolated from the Bam HI digest of SBS DNA and re­
stricted with Bgl II, the kilobases of band A when added to 
those of band F equal the intact band 1, so they obviously
The remaining calculations are usually 
C + S = A, which shows they are products of
B + L = A, so those two bands are also 
F + M = D, a fact which indicates F and M 
H + K = F, showing they too are pro- 
M + I = 3, which tells one E is located near 
the middle of the fragment because it overlaps M and that M,
I and J are the end products of the restriction of 3,
= G and G + M = 3, these calculations show that G is an
L is shown to be on
go side by side, 
more complex.
the restriction of A.
products of A. 
are products of D.
ducts of D.
I + J
intermediate in .the breakdown of S.
the outside because 3+(C-L)=B.
It would be interesting to generate a number of mutants 
of the phage SBS having deletions and substitutions in their 
Jb'A. A study of such mutants could establish the regions of 
DNA essential for the viability of phage SBS, A detailed
study could also concievably indicate the individual genes,
The regions of DNAtheir products and their functions, 
essential for the viability of the phage SBS, could be clus­
tered together, if not already so, in order to give a con­
veniently long stretch of DNA which is not essential for
This nonessential region could bebiological activity.
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removed if the phage stays viable or otherwise altered by 
introducing a convenient site or sites for one or a few 
unique restriction enzymes that do not cut the rest of the 
The phage thus generated will be able to accomodate 
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